Purpose
Hypoglycemia is the sudden decrease in serum glucose level <50 mg/dL, and the organ systems that manifest the signs and symptoms are the central and autonomic nervous system. Some studies have described MR imaging of hypoglycemic brain injury, though these studies have usually been confined to case reports; in most of the reported studies, DWI is useful in evaluating severe HE. Reversible diffusion restriction has been found in most cases [1] [2] [3] 5] . However, most studies have been case reports, and MR imaging features of hypoglycemic brain injury have not been fully established.
The purpose of this study was to determine the topographic distribution and DWI findings of HE. The mean initial blood sugar level was 19.6 mg/dL (range, 3-36 mg/dL) at the emergency department.
Methods and Materials
The initial neurologic symptoms of all patients included a change of mental status (confusion to coma). No patients experienced seizures before the initial MR imaging study.
Arterial blood pressure of all patients was normal, and there was no hypoxia. Most of the patients had an improved mental status after the serum blood sugar level was normalized, but 2 patients died.
All 11 patients underwent MR imaging within a few hours to 3 days of the time of hospital admission. Table 1 on page 20shows the distribution of lesions. In most patients, the lesions were bilateral except for 1 patient. This patient (patient 6) had postinfarcted encephalomalacia located at the right MCA territory.
Distribution of the lesions was as follows: the IC (n = 6, 54%), hippocampus (n = 4, 36%), cortex (n = 8, 73%), CR (n = 7, 64%), and CS (n = 9, 82%).
Only 1 patient had a lesion that involved the BG. Seven patients (64%) showed involvement of the CS and CR (Fig 1 on page 18 ). Involvement of the cortex was bilateral and did not match typical arterial territories. In 6 patients, there was patchy noncontiguous involvement at the frontal or parietal lobe. Two patients had extensive confluent cortical and hippocampal involvement without deep WM involvement ( Lesions were visible on FLAIR images and on DWI and were more prominent on DWI in 9 patients. # All lesions were recovered completely without any sequelae ( Fig 3 on page 19 ). Seven patients were discharged within 3 weeks of admission without significant neurologic deficits, and 1 patient showed partial recovery. However, 2 patients with extensive cortical involvement died (patients 3 and 11). One patient showed no change in mental status, and the patient was transferred to another hospital. 
Conclusion
In this study, we described brain MR diffusion imaging features in 11 patients who had severe hypoglycemia due to various causes. To the best of our knowledge, this is the first study of a large case series with HE.
•
Brain MR imaging
Useful technique to evaluate severe HE.
• DWI
Reversible cytotoxic edema at the cerebral cortex [4, 3, 9] , hippocampus [9] , splenium [7, 8] IC [3, 6] Glucose deprivation leads to arrest of protein synthesis in many regions, incomplete energy failure and loss of ion homeostasis, cellular calcium influx, and intracellular alkalosis. Consequently, neuroactive amino acid (aspartate) release into the extracellular space occurs and results in selective neuronal necrosis, predominantly in the cerebral cortex, caudoputamen, and hippocampus [5, 6] . However, protein synthesis in the cerebellum, brain stem, and hypothalamus remains unaffected because of the greater activity of the glucose transport mechanisms [6] .
References: E. J. Kang; Department of Radiology, Wonkwang University School of Medicine, Iksan, KOREA, Republic of Last, when hypoperfusion complicates hypoglycemia, the brain is not exposed to an equal fall in perfusion. Due to the focal loss of autoregulation, the frontal and parietal lobe areas have grossly decreased cerebral flow, whereas the cerebellum and brain stem show almost no fall in local cerebral blood flow [8] . MR imaging in our patients showed involvement of the same areas. Most of our patients had involvement of the cortex, and all cortical lesions were located in the frontal and parietal lobes. The MR imaging findings of our patients were in accord with the proposed mechanisms. 
Differential diagnosis
Several different conditions, including seizure, drug toxicity, viral encephalitis, and metabolic encephalopathy, have reversible diffusion restrictions similar to those in hypoglycemia [7] . However, most of these conditions are associated with other specific abnormalities. Therefore, a diagnosis of HE is not difficult to distinguish from several other conditions, even if the conditions show reversible diffusion abnormalities on MR imaging.
limitations
First, it was retrospective, and the possibility of selection bias exists.
Second, the number of patients was low, and follow-up MR imging was performed for only a limited number of patients.
Third, most patients were elderly and had other underlying medical illnesses in addition to hypoglycemia. Therefore, an underlying medical illness may not only have been a predisposing factor for hypoglycemia but could also have affected the clinical outcome of patients.
Conclusion
MR imaging findings in HE include reversible diffusion restriction at characteristic locations. These findings can be helpful in the differential diagnosis distinguishing HE from other neurologic conditions that have diffusion restrictions, such as stroke, epilepsy, and metabolic encephalopathy. In addition, DWI can predict the prognosis of patients with HE.
Images for this section: Fig. 1 : First, severe hypoglycemia induces neurochemical changes. Glucose deprivation leads to arrest of protein synthesis in many regions, incomplete energy failure and loss of ion homeostasis, cellular calcium influx, and intracellular alkalosis. Consequently, neuroactive amino acid (aspartate) release into the extracellular space occurs and results in selective neuronal necrosis, predominantly in the cerebral cortex, caudoputamen, and hippocampus [5, 6] . However, protein synthesis in the cerebellum, brain stem, and hypothalamus remains unaffected because of the greater activity of the glucose transport mechanisms [6] .
Fig. 2:
Second, excitotoxic edema is a cytotoxic form due to increased extracellular glutamate. The presence of glutamate leads to calcium and sodium entry into the cell and induces apoptosis. In contrast to cytotoxic edema, excitotoxic edema does not imply neuronal damage, because glutamate induces edema of glial cells and myelinic sheaths might protect axons from intracellular edema and irreversible damage. In addition, glutamate reuptake systems are not impaired in hypoglycemia. According to these mechanisms, HE is usually transitory and DWI abnormalities normalize with time or following removal of the causative pathologic factors [7] . Fig. 3 : Last, when hypoperfusion complicates hypoglycemia, the brain is not exposed to an equal fall in perfusion. Due to the focal loss of autoregulation, the frontal and parietal lobe areas have grossly decreased cerebral flow, whereas the cerebellum and brain stem show almost no fall in local cerebral blood flow [8] . MR imaging in our patients showed involvement of the same areas. Most of our patients had involvement of the cortex, and all cortical lesions were located in the frontal and parietal lobes. The MR imaging findings of our patients were in accord with the proposed mechanisms. Fig. 4 
